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O ptical Projection System for Pho tolithography 

The present invention- relates to optical projection systems such as systems for 
photohthography. 

In the following the term "anastigmat" means an optical element or group of 
optical elements adapted to reduce aberrations including spherical aberration. The 
term "Mangin mirror arrangement" means an optical device comprising a concave- 
mirror and at least one negative powered lens proximal f o the concave mirror wherein 
the concave mirror need not be in contact with the negative powered lens. 

. Historically, resolution in microlithography has been improved either by 
increasing Numerical Aperture (NA), or by reducing the wavelength of illumination 
light, or a combination of the two. 

The theoretical resolution improvement of liquid-immersion is well known in 
microscopy, where oil-immersion dioptric objectives have for many years been 
designed withNAs greater than 1.0, but covering only a very small field of 0.5 mm or 
less. See, for example: "Modern Optical Engineering", by Warren Smith, Third 
Edition, page 450, published by SPEB Press and McGraw Hill. 

Liquid immersion applied to microhthography has also been proposed for 
many years, but has been slow to be adopted in production, no doubt because of 
practical concerns. However, the theoretical advantages become stronger as "dry" 
projection lens NAs approach the theoretical limit of 1.0. These advantages have been 
described in, for example: "The k3 coefficient in nonparaxial X/NA scaling equations 
for resolution, depth of focus, and immersion hthography" by Burn J. Lin published in 
JM3 1(1) 7-12 April 2002. 

: More recent investigations into the practical issues of liquid immersion for_ 
lithography have also become more optimistic, for example: "Resolution enhancement 
of 157 nm Hthography by liquid immersion" by M. Switkes and M. Rothschild, 
published in JM3 1(3) 225-228 October 2002. However, neither of these papers 
addresses the issues of optical design. 

Early papers proposing liquid immersion lithography include: "Optical 
projection hthography using lenses with numerical apertures greater than unity" by H. 
Kawata, J.M. Carter, A. Yen and H.I. Smith, published in Microelectronic, Eng. 9, 
3 1-1989; "Fabrication of 0.2am fine patterns using optical projection lithography 
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Known "dry" catadioptric designs have relatively small lens diameters and 
chromatic aberrations. However, they cannot be converted to liquid immersion only 
by adding a liquid to the space between the last element and the wafer. This would 
introduce a large amount of spherical aberration, which has to be compensated 
elsewhere in the design. Also, in simply adding a liquid, the NA does not increase, 
since the definition of NA already includes the refractive index. 

Immersing the wafer in liquid is a necessary, but not sufficient, condition for 
being able to increase the NA up to the theoretical maximum equal to the liquid 
refractive mdex(~ 1.4), rata For a constant 

magnification, paraxial Geometrical Optics theory (in particular, the Lggrange 
Invariant) dictates that an increase of NA at the wafer has to be accompanied by a 
corresponding increase in NA all the way through the projection lens system This 
results in an increase in lens diameters, and optical surface steepness, defined by the 
ratio D/R, where D is the clear aperture diameter andR is the radius of curvature. At . 
the same time, chromatic and high-order aberrations increase rapidly with NA. 

It is therefore not obvious to one skilled in the art of optical design that the NA 
of a "dry" proj ection lens can be increased in the ratio of the refractive index of the 
immersion liquid, without both an impractical increase in the lens size and complexity, 
as well as an unacceptable increase in residual aberrations. 

Textbooks on optical design (e.g. Warren Smith, Modern Optical Engineering 
Third Edition, page 449-450, published by SPIE Press and McGraw Hill) describe the 
historical microscope immersion objective with a hyper-hemispherical convex surface 
(clear diameter/radius of curvature beyond hemispherical, where D/R = 2) on the last 
element, opposite the plane surface in contact with the immersion liquid. Classically, 
25 this surface is designed to be either aplanatic, or close to the aplanatic condition. At 
the aplanatic condition there is zero spherical aberration, coma and astigmatism, and 
the marginal ray convergence angle is greater inside the lens element than before it by 
the ratio of the glass refractive index. Being close to this aplanatic condition 
rmnimizes spherical aberration and coma, and is a simple way of increasing NA, 
30 which is useful for a small field microscope objective, or systems such as the prior art 
US Patent Application US 200 1/0040722. 

For microhthography, which requires small aberrations over a much larger 
field size of many mm, such an aplanatic surface would give rise to higher-order 
aberration variations across the field, including oblique spherical aberration and coma. 
35 It is common practice to use, instead, a convex surface on this last element that is not at 
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less than 29.3mm, and an object side surface with an axial radius of curvature greater 
than 83.2mm and less than 91,9mm, and the boundary lens has an axial thickness - 
greater than 41 .6mm and less than 46.0mm, and an object side surface with an axial 
radius of curvature greater than 56.9mm and less than 62.9mm. 

Instead, the optical system may comprise a first positive powered lens element 
proximal to said boundary lens, and having at least one spheric optical surface, and a 
second positive powered lens element between the first positive powered lens element 
and said boundary lens, and having at least one aspheric optical surface, wherein the 
first positive powered lens element has ah axial thickness greater than 27.22mm and - 
less than 27.77mm, and ah object side surface with an axial radius of curvature greater 
than 107.6mm and less than 109.8mm, the second positive powered lens element has 
an axial thickness greater than 27.63mm and less than 28.19mm, and an object side 
surface with an axial radius of curvature greater than 86.67mm and less than 
88.42mm, and the boundary lens has an axial thickness greater than 43 .37mm and less 
than 44.25mm, and an object side surface with an axial radius of curvature greater than 
59.27mm and less than 60.46mm. 

Any of the optical systems defined above may have a double-Gauss anastigmat 
arranged to reduce spherical aberration including a third positive powered lens 
element, a first negative powered lens element, a second negative powered lens 
element, and a fourth positive powered lens element. 

In this optical system the third positive powered lens element has an axial 
thickness greater than 43.9mm and less than 48.5mm, and an object side surface with 
an axial radius of curvature greater than 128mm and less than 141mm, the first 
negative powered lens element has an axial thickness greater than 13.1mm and less 
than 1 1 .9mm, and an object side surface with an axial radius of curvature greater than 
1540mm and less than 1710mm, the second negative powered lens element has an 
axial thickness greater than il.9mm and less than 13.imm, and an object side surface 
with an axial radius of curvature greater than 184mm and less than 204mm, and the 
fourth positive powered lens element has an axial thickness greater than 30.6mm and 
less than 33.9mm, and an image side surface with an axial radius of curvature greater 
than 1 89mm and less than 209mm. 

As an alternative to the optical, system described in the preceding paragraph, 
the optical system may be one in which the third positive powered lens element has an 
axial thickness greater than 45.71mm and less than 46.63mm, and an object side 
surface with an axial radius of curvature greater than 133.3mm and less than 
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having at least one aspheric optical surface, passing light through a second positive 
powered lens "element between the first positive powered lens element and said 
boundary lens, and having at least one aspheric optical surface, passing light through 
the first positive powered lens element having an axial thickness greater than 26.1mm 
"and less than 28.9mm, and an object side surface with an axial radius of curvature 
greater than 103mm and less than 1 14mm, passing light through the second positive 
powered lens element having an axial thickness greater than 26.5mm and less than 
29 3mm and an object side surface with an axial radius of curvature greater than 
83 2mm and less than 91.9mm, and passing light through the boundary lens having an 
axial thickness greater than 41 .6mm and less than 46.0mm, and an object side surface 
with an axial radius of curvature greater than 56.9mm and less than 62.9mm. 
Alternatively the method may include the steps of passing light through a first positive 
powered lens element proximal to said boundary lens, andhaving atleastone aspheric 
optical surface, passing light through a second positive powered lens element between 
the first positive powered lens element and said boundary lens, andhaving at least one , 
aspheric optical surface, passing light through the first positive powered lens element 
having an axial thickness greater than 27.22mm and less than 27.77mm, and an object 
side surface with an axial radius of curvature greater than 107.6mm and less than 
109.8mm, passing fight through the second positive powered lens element having an 
axial thickness greater than 27.63mm and less than 28.19mm, and an object side 
surface with an axial radius of curvature greater than 86.67mm and less than 
88 42mm, and passing fight through the boundary lens having an axial thickness 
greater than 43.37mm and less than 44.25mm, and an object side surface with an axial 
radius of curvature greater than 59.27mm and less than 60.46mm. 

The methods as defined above may include the step of passing light through a 
double-Gauss anastigmat arranged to reduce spherical aberration including a third ; 
positive powered lens element, a first negative powered lens element, a second 
negative powered lens element, and a fourth positive powered lens element. Such 
methods may include the step of passing light through a double-Gauss anastigmat . 
30 arranged to reduce spherical aberration including a third positive powered lens 

element having an axial thickness greater than 43 .9mm and less than 48.5mm, and an 
• object side surface with an axial radius of curvature greater than 128mm and less than 
141mm, a first negative powered lens element having an axial thickness greater than 
13.1mm and less than 11.9mm, and an object side surface with an axial radius of 
35 curvature greater than 1540mm and less than 1710mm, a second negative powered 
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accompanying arawings in which: 

Fig. 1 shows an illustration of a catadioptric "dry" projection system for comparison 
purposes; 

Fig. 2 shows an illustration of a catadioptric liquid immersion projection lens system 
5 according to one embodiment of the present invention- 
Fig. 3 shows anillustration of the last optical elements in the optical path of Fig. 2 
according to one embodiment of the present invention; 

Fig. 4 shows an illustration of the boundary lens, the immersion liquid layer and the 
image plane; • . '» 

10 Fig. 5 shows an illustration of the marginal ray path passing into the last lens element 
according to one embodiment of the present invention; and 
Fig. 6 shows an illustration of the marginal ray path passing through me last lens 
element into the immersion liquid layer according to one embodiment of the present 
invention. 

15 Fig. 1 is an illustration of a catadioptric "dry" projection system for comparison 

purposes, which was disclosed in EP1 191378A1 . This "dry" projection system 
includes a first set of field lens elements LI 1 to L13, a meniscus anastigmat L14 to 
L17 which aids in correcting aberrations, and a positive powered set of lens elements 
L18 to L20, which together comprise a first field lens group Gl, a beam splitting 
20 means FM(1, 2), a Mangin mirror arrangement G2 including two Schupmann lenses 
L21, L22 and a concave mirror CM which provides an aberration correcting function. 
The'system also includes a positive powered set of lens elements L3 1 to L33, a 
negative lens element L34, a positive powered set of lens, elements L35 and L39, a 
• negative powered anastigmat L40 which corrects aberrations, and a positive powered 
25 lens element L41 which togetiier comprise a second field lens group G3. Light is 
passed from a reticle R through the first field lens group Gl, then through the beam 
splitter FM(1, 2) to Mangin mirror arrangement G2, and finally through the beam 
splitter FM(U 2) and the second field lens group G3. By this arrangement an image 
may be conveyed from the reticle R to a wafer W with negative magnification so as to 
30 controllably expose a photoresist on the wafer. 

Figs. 2 and 3 and Tables 1 and 2 show a detailed embodiment of the invention. 
Light from the object plane OP passes through a plane window E201, a first positive 
powered group of field lens elements E202 and E203, an anastigmat E204 to E208, 
adapted to reduce spherical aberration, a second positive powered group of field lens 
35 elements E209 to E21 1, a beam splitter E212 and E218, a catadioptric anastigmat 
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curvature greater than 1 84mm and less than 204mm; and 
- The fourth positive powered lens element E225 has an axial thickness greater than 
30.6mm and less than 33.9mm, and an image side surface S247 with an axial radius of 
curvature greater than 18 9mm and less than 209mm; 

5 More preferably, the ranges of values for the parameters of the optical 

projection system are within a narrower range of plus or minus .1% of the tabulated - 
finite values. Accordingly the thicknesses of lens elements E222 to E225 and E23 1 to 
E233, and the radius of curvatures of optical surfaces S240, S242, S244, S247, S259, 
S261 and S263 may preferably have values as follows when operating at a wavelength 

10 ofl57nm: 

The first positive powered lens element E231 has an axial thickness greater than 
27.22mm and less than 27.77mm, and an object side surface S259 with an axial radius 
of curvature greater than 107.6mm and less than 109.8mm; 

The second positive powered lens element E232 has an axial thickness greater than 
15 . 27.63mm and less than 28.19mm, and an object side surface S261 with an axial radius 
of curvature greater than 86.67mm and less than 88.42mm; 

The boundary lens E233 has an axial thickness greater than 43.37mm and less than 
44.25mm, and an object side surface S263 with an axial radius of curvature greater 
than 59.27mm and less than 60.46mm; 
20 The third positive powered lens element E222 has an axial thickness greater than 

45.71mm and less than 46.63mm, and an object side surface S240 with an axial radius 
of curvature greater than 133.3mm and less than 136.0mm; 
The first negative powered lens element E223 has an axial thickness greater than 
12.38mm and less than 12.63mm, and an object side surface S242 with an axial radius 
25 of curvature greater than 1608mm and less than 1641mm; 

The second negative powered lens element E224 has an axial thickness greater than 
12.38mm and less than 12.63mm, and an object side surface S244 with an axial radius 
of curvature greater than 19 1.9mm and less than 195. 8mm; and 
The fourth positive powered lens element E225 has an axial thickness greater than 
30 31.9 1mm and less than 32.56mm, and an image side surface S247 with an axial radius 
of curvature greater than 197.4mm and less than 201 .3mm. 

Even more preferably still, the values of the radius of curvature of the surfaces 
of the optical elements E201 to E233, and the thicknesses of the optical elements E201 
• to E233, have values according to Tables 1 and 2. 
35 In Tables 1 and 2 preferred values of the radius of curvature and the axial 
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the liquid, and minimizes senritivity to magnification changes with liquid refractive 
into -and dispersion (lateral color), since for- a telecentiic system in wafer spaced* 
chief rays enter the liquid at zero angle of incidence. 

I* a classical Kquid immersion microscope objective, Are reftachve mdex 
difference between the last lens element and liquid introduces spherical aberration, 

deep-UV microlithography situation, the thickness of the Uquid as chosen for other 
reasons, such as optical transmission, as well as liquid dynamics and mechanical 
considerationsduringwaferscanningandstepping. This design .a not eonstramed by 
fechoiceofUquidtmcknessorrefiactiveindex. Currently, a liquid thickness of 1 
xnmis assumed, but the optical design-may easily be re-optimized for adherent 
thickness ortiquidrefractiveindex. Againthisis facilitated by havmg a plane last lens. 

. size.andeanbeeasilycorreetedatapupilplaneinmeaystembymeansofatleastone 

^L^stvention, neither the aplanatie nor concentric conditions are used in the 
last element, i.e., boundary iens, next to the wafer (surface S263 °» 
Figs 2 and 4). In this ease, the marginal ray convergence angle is shghfly smaller 
inside element 233 than it was prior to entering it (as seen in Figs. 5 and 6). Thra 
feature has three advantages: 

a TheD/R.(clear diameter/radius of curvature) of this surface oanbe consumed 
to be <1.5, which is within normal optical polishing techniques for large, high quality, 
optical mi OTma easily be eo^ected in other 

elements in the system, including several aspherical surfaces, which ^antageous 
in the correction of high-order aberrations mat change rapidly across the wide .field 
tisedm microhmography, such as oblique" spherical aberration, coma, •**>"?-""' 
distortion. This strategy is particularly effective in a long, complex, system with two 

) intermediate images, such as the V-type eatadioptric design. 

o. There is no focused ghost image on the wafer surface, as would occur with an 
exacfly concentric surface. 

Classical microscope objectives also employ at least one element before the 
last one that haa a combination of aplanatie and concentric surfaces. The preferred 

5 embodi m entofthemventionemploys,instead,atlea S ttwoposihvememsous 



erements before the last one (elements E231 and E232 in Figs. 2 and 3 and Tables 1 
and2) whose surfaces are neither exactly concentric nor aplanatic, so as to avoid both 
extreme curvatures and extreme angles of incidence near or beyond the critical angle. 
. . . At least one of these surfaces may be aspheric, so as to perform similar. 
5 aberration correction functions to those which in lower NA "dry" designs may be - 
achieved with air spaces between adjacent elements (e.g. the airspace between 
elements E230 and E23 1 in Fig. 2). 

The relatively high optical power in the.last three positive elements mimmizes 
the size increase of lens elements required in the rest of the system as the ".dry" NA of 
10 0.85 in designs such as Fig. 1 is increased to a "wet" NA of 1 .2. This is very 

advantageous because the lenses would otherwise be larger than can be readily made 
- with existing technology, and would thus be exceptionally expensive. The relatively 
high power of the last three elements also allows a pupil (aperture stop) position closer 
to the wafer than is typical in "dry" designs, e.g. Fig. 1 . 
15 In the prior art, a common feature of a catadioptric "dry" lithography proj ection 

system included a negative powered element between the pupil and wafer. This feature 
which is used to correct aberrations has the disadvantage that in a "wet" catadioptric 
optical projection system the main positive powered lenses would have to be larger 
than otherwise. The new arrangement in the present application has the advantage that 
20 it does not require such a negative powered lens and this further minimizes the lens : 
diameter of the main positive powered lenses, and also the length of the optical path. 
The aberration correction of anegative lens element in "dry" designs (e.g. element L38 
in Fig. 1) is performed, instead, by an aspheric surface close to the pupil. 

The negative powered lens group, elements E222 to E225 in Fig. 2, is a < 
25 double-Gauss anastigmat arranged to reduce spherical aberration. It contributes to. 
field curvature and lateral color correction in the overall design, while minimizing 
: higher-order coma and 'oblique spherical aberration that would otherwise be larger at 
NA 1.2 than they were in."dry" designs at NA 0.85 (Fig. 1). This feature provides, the 
advantage of allowing a wider field of view than would otherwise be possible at NA 
30 . 1.2. 

As illustrated in Figs. 5 and 6, it can be seen that the angle L of the marginal ray 
of the light cone projected to the boundary lens E233 decreases on passing into the 
boundary lens E233. 

Fig. 5 and Fig. 6 illustrates one embodiment, where it can be seen that the 
35 geometric focus F of the marginal rays L, prior to entering the boundary lens E233, is 



coctW S564 of the boundary lens, and is 
B233 may typically** be equal to, amdpracfccaUy of ^^ginaliay 

surf aces,butmay alsobe ^^"^ soale , and that the beam splitter ■ 

notedtbattbem— nsinB^ optica! palbs there tbxcugb.: 

E212, E218 may be a stogie t „ defined by the equation: 

The aspberic surfaces A(l) to Aii; 

^Table 1, the sigu of the radms mda catesth embodime nt of 
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' Table 1. 



Element 


Radius of Curvature 


Axial distance 




Back 


. Front 


Back 

8^0000 


•Front 

1.0000 . - 


E201 
E202 
E203 


Infinity 
296.2214 CX 
29.3195 CX 


Infinity 
-960.8207 CX 
219.1233' .CC 


29.0933 
31.5402 


1.0000 
69.4729 


E204 
E205 


105.2542 CX '■ 
77.5810 CX 


433.274 A(l) . 
85.0063 CC 
-109.0575 CX 


30.2818 
35.9523 
50.0000 


1.1583 

30.5076 

22.2382 


E206 
E207 


-101.0777 CC 
-86.9124 CC 


-277.5585 CX 


17.0119 


14.1315 


E208 


-313.0101 CC 


-121.4285 CX 


47.1365 


1.0000 




244.5825 A(2) 


-150.1716 CX 


43.8716 


1.0000 


E210 


287.8659 CX 


-1006.7736 CX 


33.3703 


3.9387 


E211 


232.1539 CX 


3443.7633 A(3) 


26.1499 


64.9981 


E212 


Infinity 


-248.6 


029 


E213 


99.3337 A(4) 


760.1855 CX 


-12.5000 


-41.6713 


E214 


112.9332 CC 


210.0532 CX 


-12.5000 


-23.5805 


E215 


150.9146 CC 


23.5 


305 


E216 


210.0532 CX 


112.9332 CC 


12.5000 
12.5000 


41.6713 
248.6029 


E217 
E218 


760.1855 CX 

I 


99.3337 A(5) 
tifmity 


-64.C 


489 


E219 


3037.9516 CC 


252.1281 CX 


-26.2012 


-1.0000 


E220 


-422.2688 CX 


878.8560 CX 


-28.0789 


-1.0000 


E221 


-197.8858 CX 


-1895.1173 CC 


-36.9167 


-1.0000 


E222 


-134.6900 CX 


221.3134 A(6) 


-46.1691 


-18.4179 


E223 


-1624.3296 CX 


89.3372 A(7) 


-12.5000 


-44.5981 


E224 


193.8597 CC 


211.4093 A(8) 


-12.5000 


-14.8193 


E225 


-1550.8977 CX 


199.3485 CX 


-32.2367 


-85.9268 


E226 


1142.6351 A(9) 


305.6765 CX 


-26.7479 


-1.0002 


E227 


-341.9216 CX 


-5217.2118 CC 


-30.8753 


-1.0000 


E228 


-274.1211 CX 


3414.1345 A(10) 


-33.1045 


-9.8682 


AS 




Infinity 


5.3 

-40.2177 


722 
-1.0007 


E229 
E230 


--337.4484 CX 
-286.9832 CX 


-6051.4400- CC 
-47776.7480 CC 


-29.3234 


-1.0000 


E231 


-108.7000 CX 


152.1155 A(ll) 


-27.4984 


-1.0000 


E232 


-87.5448 CX 


167.7647 • A(12) 


-27.9141 


-1.0000 


E233 
IL 


-59.8643 CX 
Infinity 


Infinity 
Infinity 


-43.8105 
-1.0000 





Table 2. 




0.00029038 



0.000000 
J.2 4264E-23 . 
0.000000 
■-vfi 2462E-26 



1.35800E-07 
nOOOOOB+OO. 
-2.93564E-09 
-1.64835E-30_ 



0.000000 
-236540E^6_ 
0.000000 



-0.00451848 



-Z27561B46_ 
0.000000 



0.000000 
-1,21801E^1 
0.000000 



4.15511E : 31_ 



-739601E-08 



-3.7848SEjj2 8_ 
-7.39$>lE-08 



4.41668E-09 
-1.34613E-30 



k43804E-13 
O^00OOE+OO_ 
3.96730E-13 
0^000OE+OO_ 
-130225E-14 



apopopE+op_ 



-3.15605E-12 
ap^OOOE+OO, 
-3.15605E-12 
OX00O0E+W 



-5.79647E-13 
O^OOOOOE+OO. 



H 

5.17522E-16 
O.OOOOOE+O O. 
-3.34166E-17 
O^pOOOE+OO. 



-1.33600E-17 
OjjOOOOE+pO. 



-2.13807E-16 
-OJOOOOE+OO 



-2.13807E-16 

_aoopopE+op_ 

-2.25277E-17 



-7g37nE.o8 -3.30971E-12 
-3^3662Ej29_ 



aoopopB+oo_ 

3.22241E-22 
OOOOpOE+OO. 
.99491E-22 



O.OOOOOE+00 
•TL63643E-20" 
^pOp^pE+pO^ 



UpOOOpEjgO_ 
6.73716E-22 



-3.U788E-16 
_0Jp000E+pp_ 
-1.63469E-16 
0^p0p0E+PP_ 
-2.00493E-17 



JhOOpOOEjKKL- 
-2.65850E-20 



aoooooE+pp___ 

■2.65475E-20 
nOOOOOE+00 _ 
-8.25872E-22 



0.00087517 | 



1.l6802B-24_ 

0.000000 
3.68761E-26 
6.000000 _ 
JT R4229E-26 _ 
0.000000 



1.10141E-08 
2^1555Ej3J_ 
-6.2001 5E-09 



-5.01692E-13 
0.00OQOE +PP_ 



931381E45__ 
0.000000 



^6jp362&a3_ 



3.58357E-08 
_5J?J54E^28__ 
-1.91466E-07 
-8 f 4j5073E28_ 



-1.26050E-13 
jv pO0O0E+00_ 
-7.83628E-12 

apooopE+pp_ 

4.589321E-12 
n OOQOOE+OO 



-3.59314E-17 
O.O0000E+O0_ 
7.69481E-16 
O.OOOOOE+OO 
1.26164E-15 
Op^p0pE+0p_ 



jLO0popE+?0_ 
1.65781E-21 
( VOOOOOE+OO _ 
-7.68364E-20 



Claims: - . " 

.1. ' An optical system for projecting an image of an objectplane (OP) onto an ; 1 
image plane (IP) comprising: 
5 a boundary lens (E233); and _ . 

atleastonelayerofimmers^ 

' Soll^ls (E233) having an object side optical surface (S263) shapec I such 
. • that for lightprojected onto the image plane (IP) through the boundary lens (E233) the 
10 margmalrayconvergencean g le(L)priortomcidencei S largerm^ 
convergence angle (S) within said boundary lens (E233). 

2 The optical projection system of claim 1 further comprising: 

at least one positive powered lens element (E23 1 , E232) proximal to said boundary 
15 lens (E233), andhaving an aspheric optical surface (S259, S260, S261, S262). 

3 TheopticalprojectionsystemofclaimlVhereinmereareprovided: 

a first positive powered lens element (E231) proximal to said boundary lens (E233), 
and having at least one aspheric optical surface (S259, S260); and 
20 asecondpositivepoweredlens« 

element (E231) and said boundary lens (E233), andhaving at least one aspheric 
optical surface (S261 , S262). 

4 The optical projection system of claim 3 wherein: 

25 the first positive powered lens element (E23 1) has an axial thickness greater than _ 

26.1mm and less than 28.9mm; and an object side surface (S259) with an axial radius 
of curvature greater than 103mm" and less than 1 14mm; 

the second positive powered lens element (E232) has an axial thickness greater than 
26.5mm and less man 29.3mm, and an object side surface (S261) with an axial radius 
30 ofcurvatoegreaterman83.2rrmiandlessman91.9mm;and 

the boundary lens (E233) has an axial thickness greater than 41.6mm and less than 
46.0mm, and an object side surface (S263) with an axial radius of curvature greater 
than 56.9mm and less than 62.9mm. 



27.63mm and less than 28.19mm 88 .42mm;.and 

radiusofcu^atureg^ 
. meboundarylens(E233)^^^^ & 

44 25mm, and an object side surface . (8263) mta 
10 man59.27mmandlessman60.46mm. 

element (E225). 

the tod positive power* lens element &OX> ^ m ^ radlus 

of curvature greater than 1540mm and total ess P eate ltt an 
iefonrmpositivepoweredlensel^^^^CSZA^wiman^alradius 

8 . Thec^tiodproj^onsys^ofeto^e^^^^^ 
... 35 ^«^^ 1 333mmand 1 ess tol 3,0mm, 



the first negative powered lens element (E223) has an axial thickness greater than 
12.38mm and less than 12.63mm, and anobject side surface (S242) with an axial 
radius of curvature greater than 1608mm and less than 1641mm; 
the second negative powered lens element (E224) has an axial thickness greater than • 

5. 12.38mm and lesV than 12:63mm, and an object side surface (S244) with an axial - 
radius of curvature greater than 191.9mm and less than 195.8mm; and 
the fourth positive powered lens element (E225) has an axial thickness greater than . 
31.91mm and less than 32.56mm, and an image side surface (S247) with an axial 

w . radius of curvature greater than 197.4mm and less than 201.3mm. 

10 

9 The optical projection system of any one of claims 1 to 8 further comprising a 
catadioptric anastigmat comprising a concave mirror (E215) and at least one negative 
powered Shupmann lens (E213, E214). 

15 10. Theopticalprojectionsystemofclaim9whereinthecatadioptricanastigmat 
comprises two negative powered Shupmann lenses (E213, E214). 

11. Theopticalprojectionsystemofanyoneofclaimslto 10 adapted for use with 
ultraviolet light. 



20 



12. An optical projection system for projecting from an object plane (OP) to an 

image plane (IP) comprising: 

an optical system; 

a boundary lens (E23 3); and 

at least one layer of immersion liquid (IL) between said boundary lens (E233) and said 
image plane (IP); wherein 

light from the object plane (OP) is transmitted through the optical system, and output 
with a predetermined marginal ray convergence angle (L); and 
said boundary lens (E233) is positioned to receive said light output from the optical 
system, and adapted such that for light proj ected onto the image plane (IP) through the 
boundary lens (E233) the marginal ray convergence angle (L) prior to incidence is 
larger than the marginal ray convergence angle (S) within said boundary lens (E233). 
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13 . The optical projection system according to claim 12 wherein the optical system 
comprises; 



r 



.. ■..■■vir.jt:'^-. '22 . ' 

♦ nmi F232^ proximal to said boundary" 
at least "One positive powered ^^^^^^^^(5259 S260, S261, S262). 
lens (E233), and having an asphenc optical sunac v. . 

. .frhirn 12 wherein the optical system - ,• . 
14, 'The optical-projection system of chum 12 wnc 

' 5 comprises; ". nroximal to said boundary lens (E233), 

: afiratppsitivepoweredienselen^tCE^am _ 

e le m ent(E231)»dsaid.bonndarylensCE233),andh g. ^ 
10 optical surface (S261, S262). 

26.5mm and less than 29.3mm, ano 

20 46.0mm, and an object stde surface (S263) 
fhau56.9mmandlessthan62.9mm. . 

^^r^r^oCsiae^CS^^ana^ 
27.63mm and less than zo. tyuxm, 42mm; and 

30 ■ thebonndarylens(E233)ha.a^^ 
44 25mm, and an object side surface (S263) wi 
than 59.27mm and less than 60.46mm. 



17. The optics 
3 5 system comprises; 



^projection systemof any one of claims 12 to 



a double-Gauss anastigmat arranged to reduce spherical aberration including a third 

. positive powered lens element (E222), a first negative powered lens element (E223), a 

second negative powered lens element (E224), and a fourth positive powered lens 

element (E225). .- . - "' ' _v ^ ■" 

~ 5 . " " 

18. The optical projection system of claim 17 wherein: 

the third positive powered lens element (E222) has an axial thickness greater than ^ 
43.9mm and less than 48.5mm, and an object side surface (S240) with an axial radius 
of curvature greater than 128mm and less than 141mm; 

10 the first negative powered lens element (fi223) has an axial thickness greater than 
13. 11 1.9mm and less than 11.913.1mm, and an object side surface (S 242) with an 
axial radius of curvature greater than 1540mm and less than 1710mm; 
the second negative powered lens element (E224) has an axial thickness greater than 
13.1 11.9mm and less than 11.913.1mm, and an object side surface (S244) with an 

1 5 axial radius of curvature greater than 1 84mm and less than 204mm; and 

the fourth positive powered lens element (E225) has.an axial thickness greater than 
30.6mm and less than 33.9mm, and an image side surface (S247) with an axial radius 
of curvature greater than 189mm and less than 209mm. 

20 19. The optical projection system of claim 17 wherein: 

the third positive powered lens element (E222) has an axial thickness greater than 
45.71mm and less than 46.63mm, and an object side surface (S240) with an axial 
radius of curvature greater than 133.3mm and less than 136.0mm; 
the first negative powered lens element (E223) has an axial thickness greater than 
25 12.38mm and less than 12.63mm, and an object side surface (S242) with an axial 
radius of curvature greater than 1608mm and less than 1641mm; 
the second negative powered lens element (E224) has an axial thickness greater than 
12.38mm and less than 12.63mm, and anobject side surface (S244) with an axial 
radius of curvature greater than 191.9mm and less than 195.8mm; and 
' 30 the fourth positive powered lens element (E225) has an axial thickness greater than 
31.91mm and less than 32.56mm, and an image side surface (S247) with an axial 
radius of curvature greater than 197.4mm and less than 20 1 .3mm. 

20. The opticalprojection system ofany one of claims 12 to 19 wherein the optical 
35 ' system further comprises a catadioptric anastigmat comprising a concave mirror 



" f,1«im 20 wherein the oaladioptric anastigmal 

21 Theopttcalprojeotionsyste m ofcla 1 m20wher 
. oLpnse.twLegative.powexeaShupn^l^^S.EZM)^ 

with ultraviolet light, 
convergence angle (S). 

25 Theprojecttoame^odofolatoaSmel^g^^ ^ IOTtoilt0S aid ' 
26 . IhepNeotionm^odofe^ZS— ^ 
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thickness greater than 26.5mm and less than 29.3mm, and an object side surface 
(S261) with an axial radius of curvature greater than 83.2mm and less than 91.9mm; 
and 

passing light through the boundary lens (E233) having an a^d thickness greater than 
of curvature greater than 56.9mm and less than 62.9mm. 

27 The projection method of claim 25 including the steps of: 
passing light through the first positive powered lens element (E231) having an axial 
Id thickness greater than 27:22mm and less ^an 27.77mm, and ah object side surface 
(S259) with an axial radius of curvature greater than 107.6mm and less than 109.8mm; 
passinghghtthroughthe second positive powered lens element (E23 2) having an axial ■ 
thickness greater than 27.63mm and less than 28.19mm, and an object side surface 
(S261) with an axial radius of curvature greater than 86.67mm and less than 88.42mm; 

15 and ■ ■ 

passing light through the boundary lens (E233) having an axial thickness greater than 
43.37mm and less than 44.25mm, and an object side surface (S263) with an axial 
radius of curvature greater than 59.27mm and less than 60.46mm. 

20 28. The projection method of any one of claims 23 to 27 further including the step 
of passing light through a double-Gauss anastigmat arranged to reduce spherical 
aberration including a third positive powered lens element (E222), a first negative 
powered lens element (E223), a second negative powered lens element (E224), and a 
fourth positive powered lens element (E225). 

25 

29. The projection memod. of claim 28 mcluding the steps of: 
passing fight through the third positive powered lens element (E222) having an axial 
thickness greater than 43.9mm and less than 48.5mm, and an object side surface 
(S240) with an axial radius of curvature greater than 128mm and less than 141mm; 

30 passing light through the first negative powered lens element (E223) having an axial 
thickness greater than 1 1 .9mm and less than 13. 1mm, and an object side surface 
(S242) with an axial radius of curvature greater than 1540mm and less than 1710mm; 
passing fight through the second negative powered lens element (E224) having an 
axial thickness greater than 11.9mm and less than 13.1mm, and an object side surface 

35 (S244) with an axial radius of curvature greater than 184mm and less than 204mm; 



Lctacss greater than 45.7l mm a n dlessto4^^^ tad ^^ i36 ^ 

. (S 242) with a, axialradius of ****** « „ (E224)has a, asia! 

. passmgHghttooughthesee^dnegaUvepov,^ d m objeot side ^face 

25 ^negaJpowedS.upma.meas^n.EiU). 

33 . Xh ep IO iee ti on m e fll o d o f a ny o n eo f e 1 a im s23 t o32w ll e reill sa idli gM 1 sa 
beam of ultraviolet light. 
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Abstiact 

O ptical Projection System for Photo lithography 

A lithographic immersion. projection system for projecting an image at high resolution 
over a wide field of view. The proj ection system includes a final lens which decreases 
the marginal ray angle of the optical path before it passes into the immersion liquid to 
■ •impinge on the image plane. 



Fig. 2 
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